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(54) Lens barrel having a linear guide groove 

(57) A lens barrel 10 includes: an outer barrel 12 provided on an inner periphery thereof with a first thread 
12a and at least one linear guide groove 12bi intersecting the first thread and extending in a direction of an 
optical axis of the lens barrel; a middle barrel 16 provided on an outer periphery thereof with a second thread 
16a meshing with the first thread; an inner barrel 17 positioned inside the middle barrel and having at least 
one follower 176 which engages with the linear guide groove, so that the inner barrel is guided along the 
optical axis without rotating about the optical axis with respect to the outer barrel; and a recess (1 2g, Figs 3,6) 
formed at a front end of each linear guide groove having a width dimension to enable rotational movement of 
the follower into the linear guide groove during initial meshing of the middle barrel with the outer barrel 
A part of the outer peripheral surface (12p,Fig. 28) of barrel 12 may be flat (12x f Fig. 28). 
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Fig. 3 
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Fig- 10 
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LENS BARREL HAVING A LINEAR GUIDE MECHANISM 



/Vv'iteer present invention relates to a leiis barrel having a 
linear guide mechanism for guiding a linear moving barrel, 
provided in the lens barrel, along an optical axis thereof, 
without rotating about the optical axis. 

A conventional lens -shutter type of zoom lens camera 
having a telescoping type 6f : zbioni lens jb^0^el, : is widely 
known. In such a type of zoom lens camera, a zoom lens 
barrel unit is usually assembled separately from a main body 
(camera tipdy) of the ; camera, befo^ being installed in a 
housing of the camera body. The housing of the camera body 
is usually provided on an inner peripheral surf ace thereof 
with a female helicoid and a plurality of linear guide 
grooves intersecting the female helicoid and extending in 
the optical axis direction. With the camera body having 
such a housing, the zoom lens barrel unit is usually 
installed using the following method. Namely, the zoom lens 
barrel unit is firstly, inserted into the housing from a rear 
of the housing. Subsequently, the male helicoid, formed on 
an outer peripheral surface of the outermost barrel of the 



zoom lens barrel unit, is brought into mesh with the female 
helicoid, formed .on an inner periphery of the housing. 
Thereafter, a linear guide plate, provided with a plurality 
of radial follower projections, is secured to the rear end 
of the outermost barrel, with the plurality of follower 
projections engaging with the plurality of linear guide 
grooves of the housing. 

With such an installing method, it is necessary 
to carry out several processes to install the zoom lens 
barrel unit in the housing of the camera body. This is 
troublesome, and increases ins tallation time. 

When a lens barrel is designed having a guide groove or 
a cam groove formed on an inner peripheral surface thereof 
which engage s with a follower projection provided on a 
predetermined: member to guide the same along the • groove^ the 
width and depth of the groove, which are considered to be 
sufficient to maintain the mechanical strength; of the? lens 
barrel, are firstly determined before the whole dimension of 
the lens barrel (thickness , diameter, etc* j is determined. 
Therefore,: in general, such a lens barrel having a guide or 
cam groove tends to be designed as a member which is too 
thick arid too large; 



An object of the present invention is to provide a lens. 



barrel having a linear guide mechanism for guiding a linear 
moving barrel along an : optical axis, which, is space - 
efficient.; and ^simplifies .; the process necessary for 
installing ; the zoom lens barrel unit in the; housing of the 
camera. y \*V> 

toother object of the present invention is to provide a 
l^hs barrel, having a linear guide mechanism for guiding .a 
linear moving barrel along an optical axis , ' which makes it 
possible to realize a small-sized lens barrel, /,;;tihile 
maintaining a sufficient mechanical strength of the lens 
barrel. 




to an aspect of the present invention, there is provided a 
lens barrel including barrel provided on an inner 

periphery thereof with a first thread and at least one 
linear guide groove intersecting the first thread arid 
extending in ai direction of an optical axis of the lens 
barrel; a middle barrel provided on aii outer periphery 
thereof with a second thread meshing with the first thread; 
an inner barrel positioned inside the middle barrel, the 
inner barrel being provided with least one follower which 
engages with the at least one- linear guide groove, so that 
the inner barrel is guided along the optical axis without 
rotating about the optical axis with respect to the outer 
barrel; and a recess formed at a front end of each of the at 
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least : one linear guide groove on the inner periphery of the 
outer . barrel > : recess having a width dimension to enable ; : 
rotational movement of the at least one follower into the at 
1 eas t one ; 1 inefiLt giii de gr66ye during ihi t i al meshing of the . 
middle i: : -fea«elV^with the outer barrel. With this - is t 
. the recess is used not only for bringing the middle barrel 
into mesh with the outer barrel but also for forming part bf 
the linear guide groove . Thus, the recess is space-^eff icien 
tly formed on a front part of the outer barrel, which 
contributes to the realization of a small and compact lens 
- barrel. 

Preferably, the lens barrel further includes an annular 
retaining member which engages with a front end of the outer 
barrel, rafter, them barrel has been engaged with the 
outer barrel. ; 

Preferably/ , the annular ; retaining member is provided 
with at, least one engaging projection which engages with the 
"; -.at least one recess. 

Pref^aBly,. . tiie at least one engaging pro j eqtiorji has 
surface determining; a f ront ^xtr^ity of : tlie at Insist one- - ; : 
linear guide groove; 

Preferably, the at least one linear guide groove is 
defined between a first side surface and a second side 
surface formed on the inner periphery of the outer barrel/ 
the first; and the second side surfaces extending in the 




direction of the optical axis> and wherein the at least brie 
engaging projection is provided . with a linear griide surface 
which together with the first side linearly guides 

"the at • least one ■ follower . ■ • 

Preferably, a distance between the first side surface 
and the second side surface is less than a distance between 
the linear guide surface and the second side surface. 

Preferably, the recess is provided with a surface 
inclined piarallel to the f ir^t t^e^- 

Preferably, the outer baxrel is formed integral with a 
stationary block provided inside a: cameras body. 

Preferably, the middle barrel is movable along the 
optical axis together with the inner barrel wi thout vaxying 
a distance therebetween, while the middle barrel rotates 
about the optical axis relative to the inner • barrel . 

Preferably , the at least one follower is formed at a 
rear end of the inner barrel outwardly in a radial direction 
of the inner barrel to engage with the at least one linear 
guide groove. 

Preferably, the at; least one engaging projection is 
provided with ari : engaging claw which projects outwardly in a 
r adiail ; dir eb t ion of the annular retaining nidnber, the 
engaging: claw .engaging with a hole formed in tie recess.. 

Preferably, the lens barrel further includes at least 
one projection formed at a bottom of the at least one linear 



guide groove , the at leas t one pro j ec t ion engaging with the 
second thread so as to function as a part of the first 
•thread, , 

Preferably, the at least one follower and the at least 
one linear guide groove are each formed to have a width 
greater than a predetermined minimum width and a height 
equal to a predetermined minimum height. 

Preferably, the at least one projection is formed 
substantially in a middle of the at least one linear guide 
groove in a circxomferential direction of the outer barrel. 

According: to another aspect of the present invention, 
there is provided a lens barrel including: an outer barrel 
provided on an inner periphery thereof with a first thread 
and a plurality of linear guide grooves each intersecting 
the first thread and extending in a direction of an optical 
axis of the lens barrel; a middle barrel provided 6n an 
outer periphery thereof with a second thread meshing with 
the first thread, so that the middle barrel is movable along 
the optical axis while rotating about the optical axis with 
respect to the outer barrel; ah inner barrel positioned 
inside the middle barrel and moved together with the inner 
barrel along the optical axis, the inner barrel- being 
provided at a rear end thereof with a plurality of followers 
which respectively engage with the plurality of linear guide 
grooves, so that inner barrel is guided along the optical 



axis without rotating about the optical axis with respect to 
the outer barrel; a plurality of recesses each formed at a 
front end of a corresponding one of the plurality of linear 
guide grooves oh the inner periphery of the outer barrel/ 
the plurality of recesses each having a Width greater than 
the corresponding one of the plurality of linear guide 
grooves; and an annular retaining member for preventing the 
middle barrel from disengaging from the outer barrel, the 
annular retaining member being provided with a plurality of 
engaging projections each extending in the direction of the 
optical axis to engage with a corresponding one of the 
pluiraliity of rece? ses , : £he : annular retaining member : being 
secured to a front end of the outer barrel/ after the middle 
barrel tas been engaged with the outer barrel, with the 
plurality of engaging projections respectively engaged with- 
the pliuarality of linear guide grooves . 

According to yet another aspect of the present 
invention / tlae:re is provided a lens barrel including: an 
outer barrelprovided on an inner periphery thereof with a 
first thread; a middle barrel provided on an outer periphery 
thereof with a second thread meshing with the first thread 
of : the outer barrel ; an: i^ barrel positioned ins id4 the 
fiddle barrel £nd : provided with at least one follower^ \ an 
annular retaining member secured to a front end of the outer 
barrel for preventing the middle barrel from disengaging 
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from the outer barrel; at least one linear guide groove 
which extends in a direction of an optical axis of the lens 
barrel and with which the at least one follower engages, 
wherein a part of the at least one linear guide groove is 
formed on the annular retaining member and a remaining part 
of the at least one linear guide groove is formed on an 
inner periphery of the outer barrel. ; ^ 

In relation to the latter object mentioned above, according 
to another aspect of the present invention, there is 
provided a lens barrel including: a barrel provided on an 
inner periphery thereof with a linear guide grpove extending 
in a direction of an optical axis of the lens barrel; and an 
annular member arranged concentrically with the barrel, the 
annular member being provided with a fol lower which engages 
with the . linear guide grpove so •; .that; -the: annular menO^er ; is 
guided along the optical axis without rotating about the 
optical axis relative to the barrel, wherein a part of an 
outer periphery of the barrel which is located adjacent to 
the linear guide groove is formed as a plane surface, and 
further wherein a distance between the plane stir face and the 
optical axis is shorter than a distance between the optical 
axis and a part of the outer periphery of the barrel which 
is not formed as the plane surface. 

Preferably, a bottom of the linear guide groove is 
formed as a plane bottom surface extending in the direction 



of thet optical axis;;'- and peripendicuiar to a radial direction 
of the barrel , the plane surface being forced parallel to 
the plane bottom surface. 

Preferably/ the lens barrel further includes: a first 
thread formed on the inner periphery of the barrel so that 
the linear guide groove extends within the first thread; a 
rotational barrel positioned inside the barrel and provided 
with a second thread which meshes with the first thread so 
that the rotational barrel is movable along the optical axis 
while rotating about the optical axis relative to the 
barrel; and at least one projection formed at a bottom of 
the ^ • lih^i^^;guid0 ' . groove , the at leaLSt oii^ projection 
engaging with the second thread so as tb function as a part 
of the first thread. 

Preferably, the follower and the linear guide groove 
are each formed to have a width greater than a predetermined 
minimum width and a height equal to a predetermined mihimum 
height. 

Preferably, the at least one projection is formed 
substantially in a middle of the linear guide groove ; in a 
circumf exential direction of the barrel . 

According to yet another aspect of the present 
invention ; there is provided a lens barrel including : an 
outer barrel provided bri an inner periphery thereof with a 
first thread and a linear guide groove intersecting the 
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first thread and extending in a direction of an optical axis 
of the lens barrel; a middle barrel provided on an outer 
periphery thereof with a second: with th6 
first thread;- an inner barrel positioned inside the middle 
barrel and provided with a follower which engages with the 
linear guide groove to be guided along, the linear guide 
groove, the middle beorr el being movable along the optical 
axis together with the inner barrel without varying a 
distance between the middle and the inner barrels while the 
middle barrel rotates about the optical axis relative to the 
inner barrel; and at least one projection formed at a bottom 
of the linear guide groove, the at least one projection 
engaging with the second thread so as to function as a part 
of the first thread. 

According to yet another aspect of -the present 
invention, there is provided a lens barrel including: a 
barrel provided on an inner periphery thereof with a 
plurality of linear guide grooves each extending in a 
direction of. an optical axis of the lens barrel; and an 
annular member arranged concentrically with the barrel/ the 
annular member being provided with a plurality of followers 
which respectively engage with the plurality of linear guide 
grooves so that the annular member is guided along the 
optical axis without rotating about the optical axis 
relative to the barrel, wherein a part of the barrel where 
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one of the plurality of linear guide grooves is formed has a 
thickness thinner than any other parts of the barrel where 
the rest of the plurality of linear guide grooves are 
• " " : formed. • ; ':' v 1 .; 1 " t:^'"'" ' ' "' ' ' ' " ; " ' V ' '* ' 

An example of the present invention will now 

be described below in detail with 
reference to the accompanying drawings in which similar 
elements are indicated by similar reference numerals, aiid 
wherein:- 

Figure 1 is a schematic perspective view of a fixed 
lens barrel block and a zoq&leiis barrel unit provided in a 
zoom lens camera, illustrating a state before the zoom lens 
barrel unit is installed in the fixed lens barrel /block; 

Figure 2 is a; scheinatic: perspective view of th^ fixed 
lens barrel block, the zoom lens barrel unit and an annular. : ; 
fixing member, illustrating a state the zoom l ens : ; ! 

barrel unit is installed in the fixed lens barrel block; 

Figure 3 is a schematic perspective view of the fixed 7\ • 
lens barrel block shown in Figure l or 2 ; 

Figure 4 is an enlarged schematic perspective view of a, 
third moving barrel shown in; Figure 1 or 2; 

Figure 5 is an enlarged schematic perspective View of /CvXiiv--.;;,,' . 
the annular fixiiig member shown in Figure 2; 

Figure 6 is a scheinatic developed view of a part of the 
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fixed lens barrel block shovm in Figure 1, 2 or 3 , 
illustrating a linear guide mechanism of the zoom len6 
barrel 'unit;;'; . 

••;-; :, ^''^igure''-7.' is a; i s qhiem^ t ic ; developed ; yxew of • • th£: : part; of ' 
the fixed lens barrel; block shown in Figure 6 and a part of 
the annular fixing member engaged with jthe fixed lexis barrel 
block, illustrating the linear guide, mechanism in a 
different state from that shown in Figure 6; 

: Figure 8 is an enlarged view of a paipt of the view 
shpwnv in Figure 7 ; 

Figure 9 is an enlarged schematic perspective view 
showing a part of a zoom lens barrel; 

Figure 10 is schematic perspective view showing the 
part of the zoom lens barrel shown in Figure 9 in an engaged 
state; ■ 

Figure 11 is a schematic perspective view illustrating 
a state where an AF/AE shutter unit of the zoom lens barrel 
is mounted to a first moving barrel; 

Figure 12 is an enlarged exploded perspective view of a 
part of the;: zoom leihs barrel; : 

Figure 13 is an exploded perspective view illustrating 
main parts of the AF/AE shutter unit of the zoom lens barrel 
shown in Figure 9, 10, 11 or 12; 

Figure 14 is an enlarged schematic p^rspiective view of 
the third, moving barrel shown in Figure. 4 shown from, a 
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different angle; 

Figure; 15 is an enlarged perspective view of a linear 
guide barrel of the zoom lens barrel ; 
V ;;; : "VW lens , 

/barrel block shown in Figure 3 with other members installed 
i'- : ;in the fixed lexis barrel blockr; ' •.'*•'•:.;;:': • 

Figure 17 is ; a sectional view of an upper part of the ; 
zoom lens barrel in a maximum extended state; 

Figure 18 is 4 sectional view of an upper part of the! ; 
zoom lens barrel;^ illustrating \S : 'main.' elements in a 
• housed state; .-" . 

Figure 19 is a sectional view of the tipper part of the 
zoom lens barrel shown in Figure 18 in the maximum extended 
state; : . */ 

Figure 20 is a sectional view of an upper part of the 
zooin lens barrel : in the housed state; : • 

Figure 21 is an exploded perspective view of the 
overall ;strTict\ire of the zoom lens barrel; 

• Figured- : : ;22 v ls- a. block diagxam of a controlling system 
for controlling; an operation of the zoom lens barrel; 

Figure 23 is a rear " _ elevatiorial view of the fixed lens 
barrel block and some other members installed in the fixed 
lens barrel block, shown in Figure 16; 

Figure 24 is a sectional view of an upper part of the 
zoom lens barrel; 
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Figure 25 is a sectional view of the fixed lens barrel 
block and the linear guide barrel 17, showing the state of 
engagement of engaging projections and linear giiide grooves; • 

Figure 26 is a plan view of a part of a cylindrical 
portion formed integral with the fixed lens barr el block; 

Figure 27 is a diagram illustrating the difference in 
thickness of the cylindrical portion between a part of the 
cylindrical portion where one 1 inear guide groove is formed 
and another part of the cylindrical portion where another 
guide groove, having a wider width, is formed; 

Figure 28 is an enlarged sectional view of an engaging 
projection and a linear guide groove with which the engaging 
projection engages; 

Figure 29 is a sectional view of the fixed lens barrel 
block and a wall forming a film chamber of the zoom lens 
/camera; ": 

Figure 30 is a sectional view of an upper part of a 
lens supporting barrel which supports a front lens group 
therein, and a lens fixing ring which i$ to be screw-engaged 
with the lens supporting barrel; 

Figure 31 is an enlarged perspective view of the lexis 
supporting barrel shown in Fig\ire 30; and 

Figure 32 is an enlarged sectional view of a part of 
; the lens fixing ring shown in Figure 30. 



♦ " ;:Fi : gux6 V ; i : 2 \ [ is a schematic representation of various 
elements which comprise a preferred embodiment of a zoom 
lens camera to which the present invention is : applied. A 
concept of the present zoom lens camera will now be 
described with reference to Figure 22. 

The zoom lens camera is provided with a zd'om lens 
barrel (zoom lens) 10 of a three-stage delivery type 
(telescoping type) having three moving barrels, namely a 
firs t movirig barrel 20, a secdnd moving barrel 19 and a 
third moving barrel 16, which are concentrically arranged in 
this order from an optical axis 0. In the zoom lens barrel 
10 two lens groups are proyideci as a photographic optical 
system, namely a front lens group LI having positive power 
and a rear lens group L2 having negative power . 

Ih th^ camera body, a whole optical unit driving motor 
controller 60, a rear lens group driving motor controller 
61, a zoom operating device 62, a focus operating device 63, 
an object distance measuring apparatus 64, a photometering 
apparatus 65 , and an AE (i.e. , automatic exposure) motor 
controller 66, are provided. Although the specific focusing 
system of the object distance measuring apparatus 64, which 
is used to provide information regarding the object-to- 
camera distance,/ does not form part of the present 
invention, ..one. such suitable system is disclosed in commonly 
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assigned U.K . Patent Application No. 2298331, filed on 
February 22, 1996/ and published on 28 August 1996. 

V y (-:S;'' \'- • Although ' the .. :: ; • . 

v : ;v Patent- Application No. 

" 2 so-called ^passive" type; other known ' 

autofocus systems (e.g. , active range finding systems such 
as those based on infrared light and triangulation) may be 
used. Similarly, a photometering system as disclosed in the 
above^noted U.K. 'Patent Application No. 2298331 could b£ 
implemented as photometering apparatus 65. 

The zoom operating device 62 can be provided in the 
form of f for example, a xnaxtually- operable zoom operating 
lever (not shown) provided on the camera body or a pair of 
zoom but tpiis, e.g. , a "wide" zoom button and a "tele 11 zoom 
button, (riot shown) provided ;bix the camera body. When the 
zoom operating device 62 is operated, the whole optical unit 
driving motor controller 60 drives a whole optical unit 
: driving motor 25 toVstove . ^e,;: front;;; 
v; rear : lens group L2 , r earwardly or f orwardly wi thou t regard 
: to a focal length yand a f ocal : ppi thereof > ; iri the 
following explanation, forward and rearward movements of the 
lens groups LI and L2 by the whole optical unit: driving 
motor controller 60 (the motor 25) are referred to as the 
movement toward m tele " and the movement toward m wide" 
respectively, since forward and rearward movements of the 




lens groups LI and L2 occur when the zoom operating device 
62 is operated to *tele # and *wide* positions. 

The image magnification of the visual field of a zoom 
finder 67 provided in the camera body varies in sequence 
with the variation of the focal length through the operation 
of the zoom operating device 62. Therefore, the 
photographer can perceive the variation of the focal length 
by observing the variation of image magnification of the 
visual field of the finder. In addition, the focal length, 
set by the operation of the zpbm operating device <S2 , may be 
perceived by a value indicated on an LCD (ligiiid crystal 
di splay ) paoael (not shown ) or the like. 

Wh^n the focus operating device 63 is operated, the 
whole optical unit driving motor controller 60 drives the 
whole optical unit driving mot or : 25 • At the sanie time; the 
rear lens group driving motor controller 61 drives a rear 
lens group driving motor 30 . Due to the driving of the 
whole optical unit driving motor controller 60 and the rear 
lens group driving motor controller 61, ; the front and rear 
lens groups LI and L2 are moved to respective positions 
corresponding to a set focal length and a detected object 
distance and thereby the zoom lens is focused on the 
subject. 

Specifically, the focus operating device 63 is provided 
with a release button (not shown) provided on an upp^r : wall 



of the : Vcairtera : . .bpdy; A photometering switch and; a release 
swi tch ( bbth hot shown ) are synchronized with the release 
button. , When the release button is half ^depr^ssed (half 
step), the focus operating device 63 causes the 
photometering switch to, be turned ON, arid the object; 
distance measuring and photometering commands are 
respectively input to the object distance measuring 
apparatus 64 and the photometering apparatus 65. 

When tie release button is fully depressed (full step) , 
the focus operating device 63 causes the release switch to 
be turned ON, and according to the result of object distance 
measuring demand and a set focal length, the whole optical 
unit driving motor 25 and the rear lens group driving motor 
30 are driven, and the focusing ppierat ion , in which the 
front lens group LI and the rear lens group L2 move to the 
'. focusing position, is : executed. '•: ;;. Fur tier 1 ; £ ■ ah AE motor 29 of 
an AF/AE (i.e. , autof ocus /autoexposure ) shutter unit 
(electrical unit) 21 (Figure 20) is driven via the AE motor 
controller 66 to actuate a shutter 21 < During the shutter 
action, the AE motor controller 66 drives the AE motor 29 to 
open shutter blades 27a of the shutter 27 for a specified 
period of time according to the photometering information 
output from the photometering ' apparatus 65. 

When the zoom operating devic^ 62 is operated, the zobin 
operating device 62 drives the whole optical unit driving 



motor 25 to move the front and rear lens groups LI and L2 
together as a whole in the direction of the optical axis 0 
(optical axis direction), Simultaneous with such a 
movement, the rear lens group driving motor 30 may also be 
driven via the rear lens group driving motor controller 61 
to move the rear lens group L2 relative to the front lens 
grpiip Li. However, this is not performed under the 
conventional concept of zooming in which the focal length is 
varied; sequentially without moving the position of the focal 
point. When the zoom operating device 62 is operated, the 
following two modes are available, namely; 

1 . a mode to move the front lens group LI and the rear 
lens group L2 in the optical axis direction without varying 
the distance therebetween by driving only the whole optical 
unit driving mo tor 25; and, = .... 

2. a mode to move the front lens group LI and the rear 
lens group L2 in the optical axis direction while varying 
the distance therebetween by driving both the whole optical 
unit driving motor 25 and the rear lens group driving motor 
30. . 

In mode 1, during a zooming operation an in-focus 
condition cannot be obtained at all times with respect to a 
subject located at a specific distance. However, this is 
not a problem in a lens -shutter type camera, since the image 
of the subject is not observed through the photographing: 



optical system, but through the finder optical system -that 
is provided separate from the photographing optical syktem, 
and it is sufficient to only be focused when thecshutter^ii 
released. In mode/ 2, during a zooming operation, th^ front 
lens group LI and the rear lens group L.2 are moved without 
regard to whether the focal point moves , and when the 
shutter is released, the focusing operation (focus adjusting 
operation) is carried put by moving both the whole optical 
unit driving motor 25 and the rear lens group driving motor 
30. 

When the focus operating device 63 is operated in at 
least one part of the foc^l length range set by the zoom 
operating device 62, the whole optical unit driving motor 25 
and the rear lens group driving motor 30 are driven to bring 
the subject into focus. The amount of movement of each lens 
group LI or L2 by the whole optical unit driving motor 25 
and the rear Iras group driving motor 30 is determined not 
only using subj ect distance information provided from the 
object distance measuring apparatus 64, but also by using 
focal length information set by the zoom operating device 
62. In such a manner, when the focus operating device 63 is 
operated, by moving both the whole optical unit driving • 
motor 25 and the rear lens group driving motor 30, the 
position of the . lens groups LI, L2 can be flexibly 
controlled, as compared with lens movements controlled by 



The zoom lens camera of this embodiment can also be 
controlled in a ^different an 
operation of the zoom bperat iiig device 62 ; (*>nly the 
magnification of the zoom finder 67 and the fopal length 
information are varied without driving either the whole 
optical unit driving motor 25 or the rear lens group driving 
motor 30. When the focus operating device 63 is operated, 
both the whole optical unit driving motor 25 and the rear 
lens group driving motor 3 0 are moved simuitaneously 
according to the. focal length information and the subject 
distance information obtained by the object distance 
measuring apparatus 64 to move the front lens group LI and 
the rear lens group L2 to respective positions determined 
according to the focal length and the subject distance 
inf brrnation. 

An embodiment of the zoom lens barrel according to the 
above concept will now be described with reference to mainly 
Figures 21 and 22, 

: ; The overall structure of the; zoom lens barrel 10 will 
firstly be described. 

The zoom lens bairrel 10 is provided with the first 
moving barrel 20, the second moving barrel 19, the third 
moving barrel 16, and a fixed lens barrel block 12. The 
third moving barrel 16 is engaged with a cylindrical portion 
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12p of the fixed lens barrel block 12, and moves in the 
optical axis direction upon being rotated. The third moving 
barre i-nher "peripH^x^^fierfeof with a 

• ■;■ linear ; ^ barrel 17> which ••is.^restrictedp-& 

The linear guide barrel 17 and the third moving barrel 16 
move together as a whole in the optical axis direction/ with 
the third moving barrel 16 rotating relative to the linear 
guide barrel 17. The first moving barrel 20 moves in the 
optical a.x i s : direction with rotation thereof being 
restricted. The second moving barrel 19 moves in the > 
optical axis direction, while rotating relative to the 

:> : ; : : linear guide barrel ;17 and the first moving barrel 20. The 
whole optical unit driving motor 25 is secured to the fixed 
lens barrel blpck 12. A shutter mounting stage 40 is 

; ; ; secured to th<e first moving barrel 20. The AE motor 29 and 
tlie rear lens group /driving mptdr 3 0 are; mbunt^d on : .the 
shutter mounting stage 40. The front lens group Ll aiid the 
rear lens group L2 are respectively supported by a lens 
supporting barrel ( lens supporting annular member) 34 and a 
lens supporting barrel 50. 

An O-ring 70, made of a rubber or the like, is 
positioned between an outer peripheral circumferentiai 
: surface of the lens supporting barrel 34/ in the vicinity of : 
the front end. thereof, and an inner peripheraii 
circtunferential surface, of an inner flange portion 20b . 
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formed integral with the first moving barrel 20 in the 
vicinity of ;: t&e front/ end thereof, as sh<bwn in FigUre 20, 
The O-ring 70 prevents water from penetrating the zoom lens 
barrel 10. at the ;frpnt end thereof between the first moving 
" barrel 20; and the 1 ens supporting barrel 3 4 v . 

As shown in Figure 30, the front lens group LI consists 
of five lenses, namely, a first lens (frontmost lens) Lia, a 
second lens Lib, a third lens Lie, a fourth lens Lid and a 
fifth lens Lie in this order from an object side to; an image 
side, i.e., from the left hand side to the right hand kide 
as viewed in Figure 30. ■ 

A front positioning ring 36 for determining a distance 
between the second lens Lib and the third lens Lie is 
positioned and held between the second lens Lib and the 
third lens Lie . ; An outer peripheral surface of the 
positioning ring 3(5 is fitted on an inner peripheral surface; . 
■ of the lens supporting barrel 34. Likewise, a rear. • • • 
positioning ring 37 for determining a distance between the 
third leiis Lie and the fourth lens Lid is positioned and 
held between the third lens Lie aiid the fourth lens Lid. Ah :;-: 
outer peripheral surface of the positioning ring 37 ikt' V: ."?: 
f itted: pn |: ^n :inner peripheral surface of the lense. supiport i^S- • • 
• \ :^rr^^3^ : rear Surface of the fourth lens Lid and- tiie-- ; ' 
front surf ace of the fifth lens Lie are cemented to each ■-. : • : 
other, so : that the fourth and fifth lenses Lid; Lie are 
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formed as a cemented or composite lens . A front 

circumferential edge Llf of the second leris Lib" along the 

circumf ereritial edge thereof contacts the rear surface biE ; : ^ " : v : : 

the first lens Lla... A rear circumferential edge Llg of the 

fifth lens Lie along the circumferential edge thereof 

contacts an inwardly-projecting flange 34b formed integral 

with the rear end of the lens supporting barrel 34. 

A female; thread 34a is formed on an inner periphery of 
a front part of the lens Supporting barrel 34, as shown iri 
Figure 30 or 31. A lens fixing ring 72, for fixing the . 
first lens Lla to the lens supporting barrel 34, engages 
with the lens supporting barrel 34. With this arrangement, a 
male thread 72a formed on the outer peripheral surface of 
the lens fixing ring 72 meshes with the female thread 34a. 
A circular abutting surface 72b is formed; on the lens fixing ■ 
ring 72 on an inner peripheral surface thereof, The : 
circular abutting, surface 7.2b comes into contact with a ^ 
circumferential portion fp of the front surface of the first 
lens Lla in a state when the lens fixing ring 72 is properly 
screw- engaged with the lens supporting barrel 34. The 
circular abutting surface 72b is formed to be substantially 
parallel to the. circumferential portion fp so that the 
circular; abutting surface 72b and the circumferential; 
portion fp may be wrought tightly into contact with each 
other when the lens fixing ring 72 is properly screw-engaged 



with : the lens, supporting barrel :-;3A:i{^ : 

A supporting ring pdrtibn: 34c is • formed iiitegral with 
the lens supporting barrel, 3 4 ? The supporting ring portion 
34c is located inwardly from the female thread 34a in a 
radial direction of the lens supporting barrel 34. The inner 
peripheral surface of the supporting ring portion 34c, which 
extends in the optical axis direction^ comes into contact 
with an outer circumferential ' edge V- or \ surface! bp of the 
first lens Lla. An annular positioning surface 34d* 
extending substantially normal to the optical axis 0 # is 
formed on the lens supporting barrel 34 immediately behind 
the supporting r in£ portion 34c* The circumferential edge 
of the re^>:surf ace;;;of ' the . first lens Lla cbmes into contact 
with the positioning surface 34d. With this structure, the 
first lens Lla ..is. ^immovably held between th^i circular 
abutting surface 72b and the positioning surface 34d in the 
optical axis direction, and the first lens; Lla is immovably 
held by the supporting ring portion 34c in a radial 
direction normal to the optical axis 0. 

As shown in Figure 32, a coating 72e is coated on the 
circular abutting surface 72b. The coating 72e is a 
waterproof • coating made Of a synthetic resin. In the :: 
present embodiment, "Fantas Coat SF^6 (trademark pf : a; 
coating produced by the Japanese Company "Origin Denki 
Kabushiki Kaisha") " is used as the coating 7 2e, The front 



surface of the first lens Lla is formed very smooth, whereas 
the circular abutting surface 72b of the lens fixing ring 72 
is not formed as smoothly (i.e., has a rough finish) as the 
front surf ace, of the first lens Lla., This is: because, the 
first lens Lla is more minutely and accurately formed than;- 
the lens fixing ring 72 since the first lens Lla is a 
precision optical element. .Due .to this fact, were it npt 
for the coating 72e on the circular abutting surface 72b, a 
substantial gap would be formed between the circular 
abutting surface 72b and the circumferential portion fp even 
if the circular abutting surface 72b properly and tightly in 
contact with the circumferential portion fp by properly 
screw-engaging the lens, fixing ring 72 with the female 
thread 3 4 a . \ As a result, } water or moisture would be able to 
penetrate into the lens supporting barrel 34 through the 
substantial gap. However, in the present embodiment, the 
coatingr 72 e is applied to the circular abutting surface 72b 
so as to make the surface thereof a smooth surface which 
does not cause to form such a substantial gap between the 
circular abutting surface 72b and the circumferential 
portion fp when the circular abutting surface 72b properly 
contacts the circumferential portion fp. Accordingly, the 
coating ?2e, positioned and held between the circular 
abutting surface 72b and the .circumferential portion fp, 
effectively prevents water or moisture from penetrating the 
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lens supporting barrel 34 between the circular abutting 
surface 72b and the circumferential portion fp under the 
condition that the circular abutting surface 72b is properly 
and tightly in contact with the circumferential portion fp 
by properly screw- engaging the lens fixing ring 72 with the 
'.. female thread 34a. > 

A circular surface 72c is formed on the lens fixing 
ring 72. The circular surface 72c is connected to the 
circular abutting surface 72b and is located immediately 
outward in a radial direction from the circular abutting 
surface 72b. A front part of the outer circumferential 
surface . op of the first lens LI a ■ |i.-e.^ a : circumferential 
^ge of : the first lens Lla) ; cpm^ the 
circular surface 72c v*en :ty lens >f ixiiig ring 72 pr^erly 
engages with the female thread 34a. '-'^Due to ,t^; rcirpule^ 
surface 72c contacting the outer circumferential ;-s\irf ace op , 
the water-tight structure;^ 1^ the circular: abiitt 

surface 721? and the: circumferential portion fp, that is 
realized by the coating 72e, is enhanced./ a Mghly 

efficient watertight connection between the first lens Lla 
and the lens fixing ring 72 is realized by providing both 
the coating 72e and the circular surface 72c with the lens; 
fixing ring 72, 

An annular recessed portion 34e is formed on the lens 
Importing barrel 34 between the f emaie thread 34a and the 
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supporting ring portion 34c. As shown in > Figure 20; in a 
state where the lens iixing ring 72 is properly jscrew- 
engaged with the female thread 34a, a rear end 72d of the 
le'hs f ixing ring 72 is: ,p^ . recessed 

portion 34e with the rear end 72d not con^ the bottom : ' 

; (i^e: / reeurmost end) 6f the recessed portion 34e, namely, ah ' 
annular space is formed in the annular recessed portion 34e 
between the rear end 72d and the bottom of the recessed 

The fixed lens barrel block 12 is fixed in front of an 
aperture plate 14 fixed to the camera body . The aperture 
plate 14 is provided on a center thereof with a rectangular- 
: ;. shaped aperture 14a which forms^ each frame 

ebcppsed- The fixed lenk barrel block 12 ; is provided^ W 
inner periphery of th£ cylindrical portibn j; 12p, with a 
female helicoid 12a, and also a plurality of linear guide 
grooves 12b each extending parallel to the optical axis 0, 
i.e. , extending in the optical axis direction. At ; the 
bottom of one of the linear guide grooves 12b, namely 12b y f 
a code plate 13a, having a predetermined code pattern, is 
fixed. The code plate 13a extends in the optical axis 
direction and extends along substantially the whole of the 
.> iengtli bf the : fixed lens barrel block 12 • The code plate 
13a is part of a flexible printed circuit board 13 
positioned outside the fixed, lens barrel block i2. 
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In the fixed lens barrel block 12, a gear housing 12c, 
whiqh is recessed outwardly from an inner periphery of the 
cylihc^icar portion 12p of the fixed lens barrel block 12 in 
a radial direction while extending in the optical axis 
direction, is provided as shown in Figure 1/ 3, 16 or 21. 
In the gear housing 12c, a driving pinion 15, extending in 
the optical axis direction, is rotatably held. Both ends of 
axial shaft 7 of the driving pinion 15 are rotatively 
supported by a supporting hollow 4, provided in the fixed 
lens barrel block 12, and a supporting hollow 31a, provided 
on a gear supporting plate 31 fixed ori the fixed lens barrel 
block 12 by set screws (not shown), respectively. Part of 
the teeth of the driving pinion 15 project inwardly from the 
inner periphery of the cylindrical portion 12p of the fixed 
lens barrel block 12 so that the driving pinion 15 meshes 
with an outer peripheral gear 16b of the third moving barrel 
16, as shown in Figure 16. 

The fixed lens barrel block 12 is provided on one side 
thereof (the left side as viewed in Figure 1) with a 
supporting member 32 formed integral therewith. The whole 
optical unit driving motor 25 is secured to the rear of the 
supporting member 32. A gear train 26 consisting of a 
plurality^ is accommodated to be supported in the 

supporting inember 32 on the front thereof. The fixed leiis 
barrel block : 12 is further provided on the other side 



thereof (opposite to the side Having the supporting member 
32) with a stationary plate 12m formed integral therewith. 
A plurality of projections 12n are integrally formed on the 
front of the stationary plate 12m, projecting towards the 
object side in the optical axis direction. The fixed lens 
barrel block 12 Is "further provided, between the stationary ; 
plate 12m and the cylindrical portion l2p, with a cutout 
portion 12k extending in the optical axis direction. The 
cutout portion 12k is formed by cutting out a part of the; 
cylindrical portion 12p. One end of a flexible printed 
circuit board 6 is fixed and supported on the front of the, 
stationary plate 12m by the projections 12n, with an 
intermediate part of the flexible printed circuit board 6 
being laid along, the cutout portion 12k. The other end of 
the flexible printed circuit board 6 is secured to the AF/AE 
shutter unit; 21, as shown in Figure 11. 

On an inner periphery of the third moving barrel 16, a 
plurality of linear guide grooves 16c , each extending 
parallel to the optical axis 0, are formed. At an outer 
periphery of the rear end of the third moving barrel 16, ; a 
male helicoid 16a arid the aforementioned outer peripheral 
gear 16b are provided as shown in Figure 14 ,. The male 
helicoid 16a engages with the female helicoid 12a of : the 
•fixed lens barrel block 12 . The outer peripheral gear 16b 
engages with the driving pinion 15. The driving pinion 15 



has an axial . length sufficient to be capable of engaging 
With the outer peripheral gear 16b throughout 1 the ehtire 
range of movement of the third moving barrel 16 in the 
optical axis direction. 

^ As shown in Figure 15, the linear guide barrel 17 is 
provided > on a rear part of an outer periphery thereof, with 
a rear end flange 17d. Th<e rear end flange 17d has a 
plurality of engaging projections 17c each projecting away 
from the optical axis 0 in a radial direction, The linear 
guide barrel 17 ; is further provided, in front of the rear 
end flangre 17d> with a retaining f 1 ange ; 17 e . A 
circumferential groove 17g is formed between the rear end 
flange 17d and the retaining flange 17e. The retaining 
flange 17e has a radius smaller than the rear end flange 
17d. The retaining flange 17 e is provided with a plurality 
of cutout portions 17f. Each of the cutout portions 17f 
allows a corresponding engaging projection 16d to be 
inserted into the circumferential groove 17g, as shown in 
Figure 20. " 

The third; moving barrel 16 is provided, on an inner 
periphery of the rear end thereof, with a plurality of 
engaging projections 16d. Each of the engaging projections 
16d projects towards the optical axis O in a radial ; 
direction. By inserting the engaging projections 16d into 
the circumferential groove 17g, through the corresponding 



cutout portions 17 f , the engaging projections 16d are 
positioned/in the circumferential groove 17g between the 
flanges 17d aiid 17 e (see Figure 20) . By rotatingr the; third 
moving barrel 16 relative to the linear guide barrel 17, the 
engaging projections 16d are engaged with the linear guide 
• barrel ; : 17V : '• 

- On the rear end of the linear guide barrel i7, an 
aperture plate 23 haying a rectangular -shaped aperture 23a 
approximately the same shape as the aperture 14a , is fixed. 

The relative rotation of the linear guide barrel 17 # 
with respect to the fixed lens barrel block 12; is 
restricted by the slidable engagement of the plurality of 
engaging projections 17c with the corresponding linear ^iide 
grooves 12b^ formed ^rallel to the optical axis 6. 

; A contacting terminal 9 is fixed to one of the engaging 
projections 17c , namely 17c ' . The contacting terminal 9 is 
in slidable contact with the cdde plate 13a, fixed to the 
bottom of the linear giiide groove 12b' # to generate signals 
corresponding to focal length information during zooming. 

On the inner periphery of the linear guide barrel 17 a 
plurality of linear guide grooves 17a are formed, each 
extending parallel to the optical axis O. A plurality of 
lead slots 17b are also formed on the linear guide barrel 17 
as shown in Figure 15 or 21. The lead slots -17b are each 
formed oblique (inclined) to the optical axis O. 
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The second moving barrel 19 engages with the inner 
periphery of the linear guide barrel 17. On €he inner 
periphery of the second moving barrel 19 > a plurality of 
lead grooves 19c are provided in a direction inclined 
oppositely to the 'l£ad: slots 17b . On the ;,puter p : 6j:i^he^;r : bf . ' 
'■^y : M&e rear end of the^ second moving b^ plurality; of 

follower projections 19a are provided. Each of the follower 
projections 19a has a trapezoidal cross-sectional shape 
projecting away from the optical axis 0 in a radial 
direction ; . Follower pins 18 are positioned in the fpllcwer^^;^^^ : : : 
pro j ections 19a . Each follower pin 18 consists of a ring 
member 18a; and a center fixing screw 18b which supports the 
ring member 18a on the corresponding follower projection 
19a, The follower projections 19a are in slidable 
engagement with: the leading slots 17b of the linear guide 
barrel 17, and the follower pins 18 are in slidable 
engagement with the linear guide grooves 16c of the third 
moving barrel 16 i<$$ith : such an arrangement, when the third 
moving barrel 16 rotates, the second moving barrel 19 moves 
linearly in the optical axis direction, -while rotating . 

: : v.Cto;.:t^e iiirier periphery of the second moving barrel 19, 
";■ the first moving barrel 20 \';±s :""'-^dagedV-"^\^e first moving 
barrel 20 is provided on an outer periphery of the rear 
thereof : with ; a plural ity of follower ; ; pins : 24 each engaging 
...with ..the - corresponding inner lead groove 19c, and at; the 



same time the first moving barrel 20 is guided linearly by a 
linear guide member 22. The first moving barrel 20 is 
provided at the front end thereof with a decorative plate 41 
..secured thereto-. 

As shown in Figures 9 and 10, the linear guide member 
22 is provided with an annular member 22a, a pair of guide 
legs 22b and a plurality of engaging projections 28. The 
pair of guide legs 22b project frota the annular member 22a 
in the optical axis 'direction;^ of engaging 

projections 28 each project from the annular member 22aL away 
from the optical axis O in a radial direction . The engaging 
projections 28 si idably engage with the linear guidie grooves 
17a . The guide legs 22b are fespecrtiyely inserted into 
linear guides 4pc between the inner peripheral surface of 
the first moving barrel 20 and the AF/AE shutter unit ]21 * 

The annular member 22a of the linear guide member 22 is 
connected to the rear of the second moving barrel 19, such 
that the linear guide member 22 and the second moving barrel 
19 are capable of moving along the optical axis 0 as a 
whole, and in addition are capable of relatively rotating 
around the optical axis O. The linear guide member 22 is 
further provided on the outer periphery of the rear end 
thereof with a rear end flange 22d. ; m guide member 

22 is further provided, in front of the rear end flange 22d, 
with a retaining flange 22c. A circumferential groove 22f 
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is formed between the rear end flange 22d and the retaining 
flange 22c. The retaining flange 22q has a radius smaller 
than the rear end flange 22d. The retaining flange 22c is 
provided with a plurality of cutout portions 22e, as shown 
in Figure 9 or 10, each allowing a corresponding engaging 
projection 19b to be inserted into the circumferential 
groove 22f # as shown in Figure 20. 

The second moving barrel 19 is provided on an inner 
periphery of the rear end thereof with a plurality of 
engaging projections 19b, each projecting towards the 
optical axis O in a radial direction. By inserting the 
engaging proj ections 19b into the circumferential^^ 22f 
through the corresponding cutout portions 22e, the engaging 
projections 19b are positioned in the circumferential groove 
22f between the flanges 22c and 22d. By rotating the second 
moving barrel 19 relative to the linear guide member 22, the 
engaging projections 19b are engaged with the linear guide 
member 22. With the above structure, when the second moving • • 
barrel 19 rotates in the forward or reverse rotational 
direction > the first moving barrel 20 moves linearly, 
f orwardly or rearwardly along the optical axis O, but is 
. restricted from rotating. 

At the front of the first moving barrel 20, a baurrier 
apparatus 35 having barrier blades 48a. and 48b is mounted. 
On an inner peripheral face of the first moving barrel 20 
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the AF/AE shutter unit 21 having the shutter 27, consisting , 
of three shutter blades 27a, is engaged and fixed, as shown 
in Figure 18. The AF/AE shutter unit 21 is provided with a ; . 
plurality of fixing holes 40a formed at even angular 
intervals on: the outer periphery of : ; the shutter mounting 
stage 40. ' -::0^1y:-^oiie : of : the fixing holes 40a appears ih each ; ; 
of Figures 5 through 13. 

The aforementioned plurality of follower pins 24, which 
engage with the; i^er lead grooves 19c , also serve as a 
device f of fixing the AF/AE shutter unit 21 to: the first 
moving barrel 20. The follower pins 24 are inserted in 
holes 20a, formed on the first moving barrel 20, and fixed 
in the fixing holes 40a. With this arrangement the AF/AE 
shutter iinit 2 1 is secured to the first moving barrel 20 as : 
shown in Figure 11. In Figure 11 the first moving barrel 20 
is indicated by ph^itom lines . The follower pins 24 may be V 
fixed ty art adhesive, or the pins 24 may be f orxned .'-as : 'scre^S\-. : Cl 

• to be screwed into the fixing holes 40a . 

^ illustrated in Figures 13 and 21, the AF/AE shutter 
unit 21 is provided with the shutter mounting stage 40, a 
shutter blade supporting ring 46 fixed on the rear of the ; 

• shutter mounting stage 40 so as to be located inside the 'i' 
shuttei: mo\inting stage 40 , and the lens supporting barrel 50 . 
supported in a state of being capable of movement relative 
to the shutter mounting stage 40, On the shutter mounting 



stage . .40 , the : lens supporting barrel 34, the AE motor 29, 
and the rear lens group driving motor 3 0 , are supported ; 
The shutter mounting stage 40 is provided with an annular 
member 40 f having a circular aperture 40d. * The shutter 
mounting stage 40 is also provided with three legs 40b which 
project rearward from the annular member 40f. Three slits 
are defined between the three legs 40b. Two of the slits 
comprise the aforementioned linear guides 40c, which 
slidably &ig^ge. ; with the respective pair of guide legs 22b 
of the linear guide member 22 so as to guide the movement of 
the linear ^ide member 22. 

The shutter mounting-stage 40 supports an AE gear train 
4 5 , which transmits a rotation of "theyAE motor: 2 9 to the 
shutter 27, a lens driving gear train 42, which transmits 
rotation of the rear lens group driving motor 30 to a screw 
shaft 43, photointerrupters 56 and 57, connected to a 
flexible printed circuit board 6, and rotating disks 58 and 
59, having a plurality of radially formed slits provided in 
the circumferential direction. An encoder for detecting 
whether the rear lens group driving motor 30 is rotating and 
for detecting : ail amount of rotation of the rear lens group 
driving motor 30 consists of the photointerrupter 57 and the 
rotating disk 59. An AE motor encoder for detecting whether 
the AE motor 2? is rotating and for detecting an amount of 
rotation of the AE motor 29 consists of the photointerrupter 
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56 and the rotating disk 58 . • . 

The shutter 27, a supporting member 47 which pivotal ly 
supports the three shutter blades 27a of the shutter 27 > and 
.... a circular di: which gives rotative power to 

the shutter blades 27a, aire positioned between the shutter 
mounting stage 40 and the shutter blade supporting ring 46, 
secured to the shutter mounting stage 40. The circular 
driving member 49 is provided with three operating 
projections 49a at even angular intervals , which: 
respectively engage with each of the three shutter blades 
27a As shown in Figure 13, the shu 1 1 er blade supporting 
ring 46 is provided at a front end thereof with a circular . 
aperture 46a and with three supporting holes 46b positioned 
at even angular intervals around the circular aperture 4 6a. - " : 
Two deflection restricting surfaces 46c are formed! the 
outer periphery of the shutter blade supporting ring 46. 
Each deflection restricting surface 46c is exposed outwardly 
farom the corresponding linear guide 40c and si idabiy 
: supports the inner peripheral face of the corresponding 
. guide leg 22b, 

The supporting member 47, positioned in front of the 
shutter blade supporting ring 46, is provided with a 
circular aperture 47a, aligned with the circular aperture 
46a of the shutter blade supporting ; ring 46 , arid with three 
pivotal shafts 47b (only one of which is illustrated in 



Figure ^3|x:;-.at; -respective positions opposite the three 
supporting hbles 46b. iach shutter blade 27a is E>tovid|d at 
one end thereof with a hole 27b into which the corresponding 
pivotal shaft 47b is inserted, so that each shutter ; blade 
27a is rotatable about the corresponding pivotal shaft 47b. 
The major part of each shutter blade 27a # that extends 
normal to the optical axis 0 from the pivot eS end/ iW Stormed 
as a light interceptive portion. All V thre;e flight 
interceptive portions of the shutter blades : 27a together 
prevent ambient light,: /which enters the front leais group LI, 
from entering the circular apertures 4 6a and 47a when the 
shutter blades 27a are closed. Each shutter blade 27a is 
further provided/ between the hole 27b and the light 
interceptive portion thereof , with a slot 27c, through which 
the corresponding operating projection 49a is ; inserted. The 
supporting member ^47 is fixed to the shutter blade 
supporting ring 46; ; in such a manner that each shaft 47b/ 
which supports the corresponding "shutter blade :27a> is 
engaged with the corresponding supporting hole 46b of the 
shutter- blade . supporting ring ■ 46 . 

A gear portion 49b is f pritied on a part of the outer 
periphery; driving member: 49 . The gear 

portion 49b meshes with one of the plurality of gears in the 
gear train 45 to receive tlie dotation frpid the geai: treiin 
45. The supporting member 47 is provided, at respective 
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-positions close to the; three pivotal ^shafts 47b, wi th three . 
■] : j'J .'arc grboves 47c each arched alpng,^^:^ 
. direction The three operating pro j ec t ions 49a of the 

circular driving ring 49 engage with the slots 27c of the ...... . . 

respective shutter arc 
grooves 47c. The shutter blade supporting ring 46 is 
inserted from the rear of the shutter mounting stage 40, to 
support the circular driving ring 49 , the supporting member 
47 and the shutter 27, and is f i^ed on the shutter mounting 
Stage 40 by set screws 90 respectively inserted through 
holes 46x provided on the shutter blade supporting ring 46. : 

Behind the shutter blaiie supporting ring 46^ 
supporting barrel 50, supported to be able to move relative ; 

, to the shutter mbunting stage 40 via guide shafts 51 and 52, 
is positioned, the shutter mounting stage 40 and the lens 
supporting barrel 50 are biased in opposite directions away 
from each other by a coil spring 3 fitted on the guide shaft 
51 / and therefore play between the shutter mounting stage 4 0 
and the lens supporting barrel 50 is reduced. In acidition, 

. a driving gear 42a, provided as one of the gears in the gear 

s train 42 / is; provided, with a f eniale thread hpl £ {not shown ) 
at the axial center thereof and is restricted to move in the 
axial direction. The screw shaft 43, one end of which is 
fixed . to the lens supporting barrel 50, engages with the 

;:• female thread hole . Accordingly, the driving gear 42a and: 
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the screw shaft 43 together constitute a: feed screw 
mechanism. In such a . manner , when the driving gear .'42a. / ' : - ; 
':■ rotates forwar<?ly or reversely due to driving by the reat 
lens group driving motor 30; the screw shaft 43 respectively 

moves clockwise or anti-clockwise with respect to the driving 
gear 42a, and therefore the - lens siippbr t iiig terrei 50 V which 
supports the rear lens group L2, moves relative to the front 
lens group LI. 

A holding member 53 is fixed at the frdrit of the 
shutter mounting stage 40. The holding member 53 iholds the 
• motors 29 and 30 between the holding member 53 and, thie.-. ■ 
shutter mounting stage 40. : ^ 

•metal plate 55 fixed at the front thereof by set 

.screws 99. The motors 29, 30 and the photo ihterruipters 56, 
57 are coimected t flexible pr iht ed circui t board 6 

One end of the flexible printed circuit boazrd 6 is fixed to 
t^ei shutter mounting ststge 40. 

After the first, second and third moving barrels 20; 19 
and 16, and the AF/AE shutter unit 21 and the like are 
assembled, the aperture plate 23 is fixed to the rear of; the 
linear guide barrel 17, and an annular retaining member 33 
is; fixed at the front of the fixed lens barxel block 12 . 

During an assembly of the zoom lens camera of the 
present embpdiment, a zoom lens barrel unit 100, Which..;.; V"-. 
consists the first, second and third moving barrels 16; 



19 and 20, the AF/AE shutter unit 21, the front and rear 
lens groups Ij1 # L2, etc., is assembled, in advance, as a 
separate unit from the fixed lens barrel block 12. 
Thereafter, the zoom lens barrel unit 100 is installed in a 
housing of the fixed lens barrel block 12, i.e. , in the 
cylindrical portion 12p, as shown in Figure 1 or 2. 

With the zoom lens camera of the present embodiment a 
different installing method is used than in the case of a 
conventional zoom lens;' camera which is : less trbtiblesome and 
reduces the time necessary for installing the zoom lens 
/barrel unit in the v housing. In order to utilize the;; 
improved installing method, in the zoom lens barrel 10 a new 
type of linear guide mechanism has been realized, which is 
unique to the zoom - lens camera of the present embodiment, 
for guiding the linear guide barrel 17 along the optical 
axis 0 without having the linekr guide barrel 17 rotate *. 

With the : linear guicle mechanism of the present 
embodiment, no dedicated space is necessary 
only for the purpose of installing or detaching the zoom 
len%V : b^rrel. unit 100 in or from the cylindrical portion 12p. 
Thus, the size of the zoom lens barrel unit 100 can be 
reduced thereby contributing to the realization of a coicpact 
zoom lens camera. Such a: linear guide mechanism will be 
discussed with reference to Figures 1 through 8. 

The basic process of such an installing method in the 



GB 2 309551 



Page 75 of 106 



zoom lens camera of the present embodiment will now be 
discussed. Firstly, as shown in Figure 1, the zoom lens 
barrel unit 100 is prepared in its most extended state. 
Secondly while maintaining such, a state, the rear end of the 
zoom lens barrel unit 100 is brought into engagement with 
the front end of the cylindrical portion 12p in a 
predetermined positional relationship, as shown in Figure 2. 
Thereafter, the whole optical: unit driving motor 25 is 
driven to rotate this drive pinion 15 (see, for example; 
Figure 21) in a predetermined rotational direction, so that 
the male helicoid 16a of the third moving barrel 16 engages 
with the f esmale helicoid 12a. 

Since the third moving barrel 16 and the cylindrical 
portion 12p are engaged with each other through the male; and 
female helicoids 16a, 12a, i.e. , through a threaded 
: engagement when the third moving barrel 16 is brought into 
engagement with the cylindrical portion 12p, it is necessary 
for the third moving barrel 16 to be rotated, from a 
predetermined initial position of engagement to an 
engagement coirfciletion position (i.e. , the front extremity of 
the actual movable range of the third moving barrel 16 for 
zooming relative to the cylindrical portion 12p) , about the 
optical axis O relative to the cylindrical portion 12p by -a /:i 
predetermined rotational amount . Namely, since the male 
helicoid 16a and the outer peripheral gear 16b are formed on 
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the third moving barrel 16 along a common outer > ■ 
c ircumf erential Surface at the rear end of the third moving 
barrel : 1 6 : a§ shown in Figure 14 , the male and female 
: h^licpids ; l£a:/md 12a can only engage with each 6 ther after 
the ;-.::t^lrd^_movAng barrel 16 has been located at i 
predetermined r^ position relative to the female 

helicbid 12a. Furthermore/ the plurality of -engaging : 
projections 17c, which respectively engage with the V 
plurality 6f linear guide grooves 12b, need to be :at , 
respective predetermined rotational positions with respect 
to the third moving barrel 16 when the third moving barrel 
16 is brought into engagement with the fixed lens barrel 
block 12. Thus the third moving barrel 16 heeds to be 
firstly engaged with the cylindrical portion 12p and ; 
! s ubs equently ^ d to the aforementioned engagement 
completion ^ 

predetermined rotational positions of the plurality of 
engaging projections 17c, with respect to the third moving 
barrel 16. 

Due to such a structure, in order to set the zoom lens 
barrel unit 100 on the fixed lens barrel block 12 at the 
/aforementioned engagement completion position* while 
; nia:intaining the aforementioned predetermined rotational 
positions of the plurality of engaging projections 17c with 
respect to the third: moving barrel 16, it is necessary to 
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• ; '- % }W:' ;-'S : ;}\'\ ■■'fi^.AS'. : . . ' : - . • 

provide a device for allowing the plurality of engaging 
projections 17c to move to respective initial positions it . 
which the plural ity of . engaging pro jeictions:; iyc start 
engaging with the linear guide grooves 12b, without allowing 
i the - plural i ty 6 f engaging < projections. . 17c; ^6b;^d6ntact ' 
anything, i.e., not being interfered by anything, until tiie 
female helicoids 12a have been brought to the aforementioned; 
engagement, completion position. In the linear guide 
mechanism of t^ such a -device 

provided on the fixed lens barrel block 12 , rather than on 
the zoom lens barrel unit i '00 V*..*. Contrary to the present 
embodiment, if ; sucli a device is provided on the zoom lens 
barrel unit 100, the device needs to be constructed so as to 
allow the plurality of engaging projections 17c to further 
rotate about the optical axis O relative to the third moving 
barrel 16 beyond the actual rotatable range used in an 
; actual zooming operation. Namely,; in- such a device it is 
necessary to provide a structure that : allows the third 
• movlngib the., linear guide barrel 17- fo furthers 

■vv : r to some extent beyond the 

actual rotatablei range usied in an actual zooming operation. 
Ittat is, the device requires that the lead grooves 17b, 19c 
be:formed : sufficiently long so as to allow the third moving 
iarrel 16 and the linear guide barrel 17 to further rotate 
.relative to each other, which renders the zoom lens barrel 




10 to ^>e longer and larger. 

Note that in Figures 1 and 2 the: drive piriion 15, -which 
is : acconimbdated in the gear housing; 12 c, is hot illustrated, 
and the gear train 26, which is supported on the supporting 
member 32, is not illustrated. - • 

The aforementioned device provided on the f ixed lens 
barrel block 12 is constructed as follows. As shown in 
Figure 1/ 3 or 6, three recessed portions 12g (only one of 
which is shown in Figure 1, 3 or 6) , each recessed outwardly 
in a radial direction, are formed on the inner periphery of 
the cylindrical portion 12p at the front end thereof such 
that each recessed portion 12g connects with a corresponding 
one of the linear guide grooves 12b. Each recessed portion 
12g includes a beveled surface or edge 12 e. The beveled 
surface 12e is inclined in the optical axis direction and 
/Extends parallel to the female helicoid 12a. The beveled 
surface 12e connects with one of the side surfaces or edges 
"A" of the corresponding linear guide groove 12b. The other 
side surface "B" of the linear guide groove 12b extends in 
the optical axis direction. The frbnt end :6f the side 
surface *B" extends to the front end of the cylindrical 
portion 12p. A front edge 12 f of eaqh recessed portion 12g 
is recessed by a small aiao;mt rearwardly fronr^e front end 
of ; the cylindrical portion 12p. A cutout portion l2d is 
formed on the front end of the cylindrical portion 12p at 
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each position oh the front edge 12 f. A rectangular hole 12b 
is formed in approximately the middle part of each recessed 
portion 12g thereof . 

The annular retaining member , 33. (see, for example, 
Figure 2) is secured to the front end of the cylindrical 
portion 12p at least after the third movirig barrel 16 has 
been engaged with the cylindrical portion 12p with each of 
the engaging projections 17c engaging with the corresponding 
linear guide grdove 12b. Namely, the arinular retaining ■". 
member 33 is bought into engagement with the front end of 
the cylindrical portion 12p after the zoom lens barrel unit 
:: 100 has been /properly installed in the cylindrical portion 

' 12p.-:- : • ■ < ' '^y^i '' ^ " ^ • 

As shown in Figure 2, 5 or 7, three engaging 
projections 33a, which may respectively engage with the 
recessed poirtioris 12g, are integrally formed oh;.; the 'annular:;:/".^ 
retaining member 33. The annular retaining member 33 is 
secured to the front end of the cylindrical portion 12p 
through the engaging projections 33a. 

In addition to the engaging projections 33a, the 
annular retaining member 33 is also provided with an annular- ; 
base 331. Each of the^ engaging projections 33a extends " ; ; ; 
rearwardly ; in the : optical axis direction from the annular '■■ 
base 33 i so a:s to correspond to the respective recessed 
portions 12g. The annular retaining member 33 is further 



provided with a strip-shaped plate 33g which is integrally 
formed on the annular base 33i. The plate 3 3g extends in 
the optical axis direction at the location corresponding to 
the position of the aforementioned cutout portion 12k. When 
the annular retaining member 33 properly engages with the 
cylindrical portion 12p, the plate 33g lies alorig or covers 
the cutout portion 12k so as to prohibit the annular 
retaining member 33 from rotating about the optical axis 0 
relative to the cylindrical portion 12p while restricting 
the movement of the aforementioned intermediate part of the 
flexible printed circuit board 6. 

Each engaging projection 33a is provided with a beveled 
surface 33b, . a linear guide surface "SJcvindyk parallel 
surface 33d. When the annular retaining member 33 properly 
engages with the cylindrical portion 12p, each beveled 
surface 33b tightly contacts the corresponding beveled 
surface 12e. Additionally, each linear guide surf ac4 33c* 
and the side surface "A" of the corresponding linear guide 
groove 12b are connected with each other. Thus/ the linear 
guide surface 33c and the side surface "A" together guide a 
side edge "C" of the corresponding engaging projection i7c 
in the optical axis direction. When the annular retaining 
member 33 properly engages with the cylindrical portion 12p, 
the parallel surface 33d extends parallel to the other side 
surface "B" of the corresponding linear guide groove 12b. 



Each engaging projection 33a is further provided with a 
stop surface 33 f which extends perpendicular to both th^ 
corresponding parallel surface 33d and linear guide surface 
33c to connect .the parallel surface 33d with the linear 
guide surface 33c. When the annular retaining member 33 
properly engages with the cylindrical portion 12p, each stop 
surface 33f defines the front end pf the corresponding 
linear guide groove 12b, as shown in Figure 7 . 

Specifically, in the state where the annular detaining 
member 33 properly engages with the cylindrical portion 12p, 
each lineal guide surface 33c and the side surface "A" of 
the corresponding linear guide groove i2b are not located in 
a common plane extending in the optical axis direction, but 
each linear guide surface 33c is slightly recessed away from 
tie corresponding side surface "B" relative to the 
corresponding side surface ■A* in a circumferential 
direction of the cylindrical portion 12p by an amount ■a 1 ?, 
as shown in Figure 7 or 8. In other words , the linear guide 
surface 33c is slightly recessed away from an imaginary 
surface "A 1 " that is located in a common plane in which the 
side surface "A" of the corresponding linear guide groove 
12b is located. Therefore, the width of each linear guide 
groove 12b is slightly wider at the front end thereof, where 
the linear guide surface 33c is provided, than the width of 
the remaining part of the linear guide groove 12b . The 



reason why the linear guide surface 33c is recessed in such 
a maimer will be hereinafter discussed. 

Each engaging projection 17c of the linear guide barrel 
.17 moves forwardly while pressing against the side surface 
"A" of the corresponding linear guide groove 12b when the 
zoom lens barrel 10 is driven to advance. For this reason; 
if any of the linear guide surfaces 33c are formed closer to 
the corresponding side surface "B" than the side surface "A" 
of the corresponding linear guide groove 12b beyond the 
corresponding imaginary surface "A' ■ due to -an error in a. 
molding process of the annular retaining member 33 6r the 
like, the engaging projection 17c, that engages with the 
linear guide groove 12b including such a linear guide 
surface 33c > cannot smoothly shift from the side surface "A" 
to the adjacent linear guide surfaces 33c. In order to 
prevent the occurrence of such a problem, each linear guide 
surface 33c is formed in such a manner as noted above, i.e. , 
recessed by the amount "a". Owing to such a structure, even 
if any linear guide surface 33c should be formed slightly 
closer to the corresponding side surf ace "B" due to - k'<\ 
manufacturing error, since each linear ^ ^ surface 33c is 
already made such as to be slightly, recessed away from the 
corresponding side surface "B" , the aforementioned problem 
does not occur. Although each linear guide surface 33c and 
the side surface "A" of the corresponding linear guide 
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groove 12b are not located in a common plane extending in 
the optical axis direction, a problem, similar tb the 
aforementioned problem does not occur when the zoom lens 
barrel 1Q is driven to retract back to the camera body. 
This is because each engaging ^ of the linear 

guide barrel 17 moves rearwardly while pressing against the 
side surface fl B" of the corresponding linear guide groove 
12b when the zoom lens barrel 10 is driven to retract. 

An engaging claw 33h is • iht^rally f on an outer 

surface of each engaging projection 33a i^'-^Th©" ^ngiigringr 'claws 
33h respectively snap into the rectangular holes?/ 1^ when 
the annular retain^g member 33 properly Engages with ': the 
cylindrical pqrtioh 12p . An engaging projection 33 e, which 
extends rearward from the annular base 331 in the Optical 
axis direction, is formed on the annular retaining member 33 
a .k a position on an outer surface of each engaging 
pro j ec tion 33a v; The engaging pro j ec tions 33 e respectively 
engage with: the cutout portions 12 d when the annular 
retaining member 33 properly engages with the cylindrical 
portion 12p, 

According to t:he linear guide mechanism- > having the 
structures <as noted above, the zoom lens b^tel 
be installed in the cylindrical portion 12p in the following 
manner. Firstly, after the zoom lens barrel unit 100 has 
been assembled, the zoom lens barrel unit 100, rendered in 



its most extended state, is prepared. Secondly, while being 
in such a state, the rear end of the zoom lens barrel unit 
100 is fitted in the , front end of the inner periphery of the 
cylindrical portion 12p with a predetermined positional 
relationship. That is, the angular position of the zoom 
lens barrel unit 100 relative to the cylindrical portion 12p 
is predetermined when the rear end, of the zoom lens! barrel 
unit 100 engages with the front end of the inner periphery 
of the cylindrical portion 12p. Thereafter, the whole 
optical unit driving motor 2 5 is actuated to rotate the 
drive pinion 15 by several degrees in a direction to retract 
the third moving barrel 16 into the cylindrical portion 
The rotation of the whole optical unit driving motor 25 is 
transmitted to the third moving barrel 16 through the gear 
, train 26, the drive pinion 15 and; the outer peripheral gear 
16b, thus making the male helicoid 16a rotate relative to 
the f emale helicoid 12a to thereby retract the; third moving 
barrel 16 to the front extremity of the actual movable range 
of the third irioving; baarrel 16 for zooming • During ; the 
retraction movement of the third moving barrel 16 up to the 
front extremity, the linear guide barrel 17 remains located 
at a specific rotational position with respect to the third 
moving barrel 16, since the zoom lens barrel unit 100 is in 
its most extended state, and because during the retraction 
movement of the third moving barrel 16, each engaging 
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projection 17c passes through the corresponding recessed 
portion 12g to engage with the corresponding linear guide 
grooves 12b,. as shown by phantom lines in Figure 6 . 
. ...... After the ; third ,m barrel 16.. has been /retracted to 

the front extremity of the actual movable range of the third 
moving • bair r e ]. 16 for zooming in such a manner as nbt^d 
above, if the whole optical unit driving motor 25 is 
actuated to further rotate the drive pinion i5 in a 
direction to retract the third moving barrel 16 into the 
cylindrical portion 12p, the male helicoid 16a rotates 
relative to the female helicoid 12a to thereby retract the 
third moving barrel 16 into the cylindrical portion 12p. At 
the same time, the first and second moving barrels 20, 19 
retract into the second and third moving barrels 19, 16, 
respectively, due to the mechanical structure for driving 
the first, second and third moving barrels in a. 
predetermined relationship. Consequently, the zoom lens 
barrel unit 100 moves into its most retracted state and is 
accommodated in the cylindrical portion 12p. 

According to the linear guide mechanism of the present 
exnbodiment for guiding the linear guide barrel i7 along the 
optical axis O without rotating the linear gliide barrel 17, 
the aforementioned device (which allows the engaging 
projections 17c to move to respective initial positions at 
which the engaging projections 17c start engaging with, the 
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linear guide grooves 12b, without the engaging projections 
17c contacting anything, until the female helicoids 12a have 
been brought up to the aforementioned engagement completion 
position) for installing or detaching the zoom lens barrel 
unit 100 in or from the fixed lens barrel block ;12 is/ : ... 
provided on the fixed lens barrel block 12/ hot on the zoom 
lens barrel unit 100, which advantageously does not render 
the zoom lens barrel i0 to be longer and larger . 
Fxirthermbre, the recessed portions 12g are used hot only for 
installing or detaching the zoom lexis barrel unit 100 in or 
from the fixed lens barrel block 12 but also for forming 
;';^:; : /-; : ';..part - of the linear guide grooves 12b after the annular 
• retaining member 33 has been secured to the front end of the 
cylindrical portion 12p. Accordingly, it can be understood 
that the recessed portions 12g are space-efficiently formed 
L ; oh the front part of the cylindrical portion 12p, which 
contributes to the realization of a small and compact zoom 
v lens. barrel 10:. . ■ :aI- : '., 1 : 

Another feature of the linear guide mechanism of the 
present embodiment will be hereinafter discussed mainly with 
reference to Figures 3 and 23 through 29. 

This feature of the present embodiment concerns one of 
the plurality of linear guide grooves 12b, namely the linear 
guide groove 12bi,; and one of. the plurality of engaging 
, pro j ections 17c which engages with the linear guide groove 
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12bi, namely the engaging projection 17ci. As shown in 
•Piguire ^'23-v6r^2^ the engaging projection 17ci is fbiiS^d 
: having ..^,:*$i~st^e& outline so that th0 engaging projieqtion 
17ci does not interfere with two projections 12a* forrried on 
a bottom of the linear guide groove 12bi. As can be seen 
from Figure 3 or 26, the two projections 12a 1 form part of 
the f einale helicbid 12a. 

As shown in Figure 25, another one of the plurality of 
■linear guide grooves 12b, namely the linear ^uide groove : 
12bni, and another one of the plurality of engaging 
projections which engages with the linear guide groove 
12bni, namely the engaging pro j ec tioh 17cni> "are:: not forraed 
having the aforementioned features of the linear guide 
grppyf : 12bl engaging projection 17bi . 

Strictly speaking, the engaging projection 17ci engages 
with: the; linear guide groove 12bi in a manner such; that the 
engaging projection 17ci projects outwardly from the optical 
axis 0 by a length "f (amount of engagement), measured in 
a radial direction from the root of the female helicoid 12a 
to the tip of the engaging projection 17ci as shown in 
Figure, 25 or 28> The tip of the engaging projection 17ci 
does nbt . x cMtStet-;Sj3i.^ bottom of the lin^aLr- guide groove 12bi- 
Reference "w 1 ^ shown in Figure 25 or 28 represents the width 
of the engaging projection 17ci. Reference "xl n shown in 
FiLgure 25 or 28 : designates a corner of the engaging 



projection 17c i . A line connecting "xl p with "xl" (line xl- 
xl) is identical to the width of the engaging projection 
17ci ?w\" # which is substantially the same as the width of 

the linear guide groove 12bi. ■ 

On the other hand, the engaging projection 17cni 
engages with this linear guide groove 12bni in a manner sucti : 
that the tip portion of the engaging projection l7cni 
projects into the linear guide groove 12bni by a length "t" 
(amount of engagement) , measured in a radial direction from 
the root of the female helicoid 12a to the tip of the 
engaging projection 17cni, as shown in Figure 25. The tip 
of the engaging projection 17cni does not reach the bottom 
of the linear guide groove 12bni . The length *t" is 
substantially the same as the aforementioned length "t 1 " 
The engaging projection 17cni has substantially the same 
mechanical strength as the engaging projection 17ci. 
Reference "w* shown in Figure 25 represents the width of the 
engaging pro j ection 17cni . Reference "x2 " shown in Figure 
25 designates a corner of the engaging projection 17cni . A 
line connecting "x2" with "x2V (line x2-x2) is identical to 
the width of the engaging projection 17cni "w", which is 
substantially the same as the width of the linear guide 
groove 12Jmi . Since the lengths. m f and *t ' • are 
substantially the same, the corners "xl", "xl" and *x2v and 
"x2 - are substantially located on a common circle (not 
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shown) about the optical axis O. In other words; in Figure 
25, the three points , *i*e. ,\ the corners "xl*, "xl" and the 
optical axis O forms '.an :[^Qj^e^s^^^i^g^ey ; and another 
three point s/i^e • the corners" x2%: : B x2 ■-■ and . theioptical . 
axis O forms another isosceles triangle. The bases of the 
two isosceles triangles each touches a common imaginary 
; circle cc about the optical axis 0. Dtie to 'this • 
: ; arrangement/ the bo tt 6m surface of each of the linear: g^ 
grooves 12bi, 12bni extends in a plane perpendicular to a 
radial direction of the cylindrical portion 12p. Another j 
common imaginary circle (not shown) about the optical axis 
: P f with vto bottom of each linear guide 

,: groove 12b come in contact; is slightly large^r^ than the : 
common imaginary circle cc> but is: s 

the : -conmion imaginary circle X ere s.ince . ;the tip of each 
engaging pro j ec t ion almost touches the bottom of the 
corresponding linear guide groove 12b. 

the aforementioned other feature of the linear guide 
mechanism is that the part of the outer peripheral surface 
of? thei cyl indrical portion ;; 12p , which is located ■ at the 
position opposite to the bottom of the linear guide groove 
12bi, can be formed to be a flat surface extending parallel 
to the bottom surface of the linear guide groove 12bi. This 
feature will be hereinafter discussed. 

.The vlihe^ guide barrel 17 db^s not rotate with respect 
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to the fixed lens barrel block 12 . However, since the third 
moving barrel 16 rotates relative to the linear guide barrel 
17, the rotational force of the third moving barrel 16 is 
transmitted:,, from ..the male helicoid 16 a to the female 
helicoid 12a/ and as ; ;a result, the linear guide barrel 17 
moves linearly along the optical axis 0 while receiving that 
rotational force at the engaging projections. 17c t^irpU^h the 
linear guide grooves 12b. Therefore , if : the a f orement i oned 
amount of engagement "t" or "t ' " of each engaging projection 
17c is too short ancJ/or the width "w" or "w 1 " of each linear 
guide groove 12b is too harrow, the engaging projections 17c 
may disengage from the respective linear guide grooves 12b 
when the linear guide barrel 17 moves linearly along the 
; optical axis 0. However, such a; problem dpeis - not occur if 
: the amount of engagement ■ t ■ or '. "t. , > of each engaging 

- projection 17c and the width " w" : /:pr;^"w : V" : 1pf ;. each linear - 
guide groove 12b are designed sufficiently large* 

' '. As can be understood f rein ..Figure^-f ifyl^iie larger-., theT : 
width of the linear : ^ide g length of the 

line xl-xl), ; the closer the line xi-xi comes to the 
optical axis O. That is, the wider the width of the linear 
guide groove 12bi / : the closer the line xl-xl comes to the 
optical axis O than the line x2-x2. For this reason, the 
thickness of the cylindrical portion 12p at the portion; 
thereof where the linear guide groove 12bi is formed will 



become greater, than that at the portion wher^ ;the linear 
guide groovy i2bni is formed in the case where the bottom of 
the linear guide groove 12bi is formed so as to almost touch 
the tip of the engaging projection 17ci as noted above. In 
such a casie, the thickness of the cylindrical portion 12p at 
the portion thereof where the linear guide groove 12bi is 
formed will be thicker than that at the portion where the 
linear guide groove 12bni is formed by a thickness -y , as 
shown in Figure 27. References "Ll" and "L2 P represent the 
length from the bottom of the linear guide groove 12bi to • 
the outer periphery of the cylindrical portion 12p; arid the 
length; from ; : t^ of the; linear guide groove 12bni to 

the outer periphery of the cylindrical ppr 
resipefctiyelY, 0^e : ^ "y" is equal Jto : tlie difference 

i>Btweexi Iragfchs \'"Li>f f and! *12* (Ll-L2=y) . • 

In the present embodiment, as illustrated in Figure 28, 
the portion of the cylindrical portion 12p which fontis the 
bottom of the linear guide groove 12bi is formed to have the 
same thickness as the portion of the .cylindrical portion 12p 
where the linear guide groove 12bni is formed, by cuttirig 
off part of an outer layer of the cylindrical portion; 12p by 
an eunqunt corresponding to the thickness "y" . By so doing, 
the part of ., the outer peripheral, surface of the cylindrical . 
pbrtiqii 12p, which is located at the position opposite, to 
the bottom of the linear guide groove 12bi, is formed to be". 
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a flat surface 12x extending parallel to. the bottom surface 
of t^ie linear ^ide . groove 12bi. 

The : flat surface 12x is located immediately hext to a 

• flat surface PT1 of a wall PT forming a fiim chairiber FC of 
the; zoom lens camera of the present embodiment. The wall PT 
: is i secured to the fixed lens barrel block li , and thk ''iz&tfi'-y-- 
surface PT1 extends pcqrallel to the flat surface 12x . Since 
the flat surface 12x is formed by cutting off part of an 
outer layer of the cylindrical portion i2p in such a manner 
as noted above, the film chamber FC is successfully located 
Closer to the cylindrical portion 12p towards the optical 
axis 0, by the amount corresponding to; the afor^entipneii : ■ 
thickness "y" which contributes to the minimization of the 
size of the zoom lens camera of the present embodiment , 
particularly, in the width of the camera. This effective ';' 
structure to minimize the width of the zoom lens camera can 
be appreciated by comparing a distance "H" from the optical 
axis O to the flat surface 12x with a distance "R" from the 
optical axis O to an outer peripheral surface of the 
: ; cylindrical portion 12p on which the flat surface 12x is not 
V. formed, as shown in Figure 29 . The distances "H" and: "R" 
: are also illustrated in Figure 2:5 . The front and rear of 

1 the - zoom lens camera of the present embodiment, respectively 
correspond to the up and down as viewed in Figure 29. 

In the zoom lens: camera of the present embodiment, the 
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aforementioned another feature of the linear guide mechanism 
is adopted to the linear guide groove 12bi and the engaging 
projection 17ci. However, such a feature may be applied to 
any other linear guiding groove and engaging projection 
• which engage with each other. •. 

In the above-described embodiment of the zoom lens 
barrel 10, although the zoom lens optical system consists of 
two movable lens groups, namely the front lens group LI and 
the rear lens group L2, it should be understood that the 
present invention is not limited to the present embodiment r 
disclosed above, but the present invention may also be 
: applied t:o,'^^p^her type of zoom lens optical system 
^including one or more fixed lens group. 

'4 •';ln^^di : t;ion,;. in the above embodiment, the rear lens 
group LI is provided as a component of the ; AF/AE shutter / ' 
uni and the AE motor 29 and the rear lens group driving - :!; 

motor 30 are mounted to the AF/AE shutter unit 21. With 
j:;; ; such-a;^ f or "s^Rp6rting the front and 

•"'re^r lens groups Li and L2 and the structure for driving the 
rear lens group L2 are both simplified. Instead of adopting 
such a structure, the zoom lens barrel 10 may also be 
realized in such a maimer by making the rear lens group L2 a 
member separate from the AF/AE shutter unit 21, which is. 
Provided with the shutter mounting stage 40, the circular 
: driving member 49, the supporting member 47, the shutter 



blades 27, the shutter blade supporting ring 46 and the 
like, arid that the rear lens group L2 is supported by any 
supporting member other than the AF/AE shutter unit 21". 

in the zoom lens camera of the present embodiment , the 
operation by rotation of the whole optical unit driving 
motor 25 and the rear lens group driving motor 3d will now 
be described with reference to Figures 13> :18, 19 and 20/ 

As shown in Figure 18 or 20, when 
10 is at the most retracted (withdrawn) position, i .e. / the 
lens -housed condition, when the power switch is turned ON/ 
the whole optical unit driving mo t or 2 5 is driven to rotate 
its drive shaft in the forward rotational 4irection ; by a 
small amount. This rotation of the motor 25 is transmitted 
to the driving pinion 15 through the gear train 26 , which is 
supported by the supporting member 32 formed integral with 
the fixed lens barrel block 12 , to thereby rotate the third 
moving barrel 16 in one predetermined rotational direction 
to advance f orwarcjly along the optical axis OJ therefore/ 
the second moving barrel 19 and the first moving barrel 20 
are each advanced by a small amount in the optical axis 
direction, along with the : third moving barrel 16. 
Consequently, the camera is in a state capable of 
photographing , with the zoom lens positioned at the widest 
position, i.e.; the wide end. At this stage, due to the 
fact that the amount of movement of the linear guide barrel 
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the fixed lens barrel ■•■^blpck .12/- is 
detected through the relative slide between th4 code plate 
" 13a and the contacting terminal 9, the -focal ; length' %£/:ffi£r 

zoom lens barrel 10, i.e. , the front and rear lens groups Ll 
: and L2> is detected. . 

In the phbtographable state as above ^described; ^Wheri 
the aforementioned zoom operating lever is manually moved 
towards a "tele" side, or the "tele" zoom button is manually 
depressed to be turned ON, the whole optical unit driving 
motor 25 is driven to rotate its drive shaft in the forward 
rotational direction through the. whole optical Unit driving 
motor controller 6Q so that the it^ lhpving barrel 16 
rotates in the rotational direction to advance along the 
optical axis 0 via the driving piriion^ 15 and the outer 
peripheral gear 16b. Therefore, the third moving barrel 16 
is advanced from the fixed lens barrel block 12 according to 
the relationship between the female helicoid 12a and the 
male helicoid 16a. At the; s^e ; time, the linear guide 
barrel 17 moves fprwardly in the optical axis direction 
together with the third moving barrel 16, without relative 
rotation to the fixed lens barrel block 12, according to the 
relationship between the engaging projections 17c and the 
linear guide grooves 12b, At this time/ the simultaneous . 
engagement of the follower pins 18 with the respective lead 
'slots 17b and linear guide grooves 16c causes the second 



.moving barrel 1? to move fbrwardly relative to the third 
moving barrel 16 in the optical axis direction, while 
rotating together with the third moving barrel 16 in the 
same rotational direction relative to the fixed lens barrel- 
block 12 . The first moving barrel 20 mov^s fbrwardly from 
the second moving barrel 19 in the optical axis direction; 
together with the AF/AE shutter unit 21; without relative 
rotation to the fixed lens barrel block 12, due to the 
above-noted structures in which the first moving barrel 20 
is guided : linearly by the linear guide member 22 and in 
which the follower pins 24 are guided by the lead grooves 
19c..; faring.. such movements, according to the fact that the 
moving position of the linear guide barrel 17 with respect 
to the fixed lens barrel block 12 is detected through the 
relative slide between the code plate 13a and the contacting 
terminal 9, the focal length set by the zoom operation 
device 62 is. detected. 

Conversely, when the zoom operating lever is manually 
moved towards a "wide" side, or the "wide" zoom button Is 
manually depressed to be turned ON, the whole optical- unit 
driving motor 25 is driven to rotate its drive shaft in the 
reverse rotational direction through the whole optical unit 
driving motor controller 60 so that the third moving barrel 
16 rotates in the rotational direction to retract into the 
fixed lens barrel block 12 together with the linear guide 
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barrel 17. At the same time, the second moving barrel 19 is 
retracted into the third moving barrel 16< while rotating; ;itf --- . • 
the same direction as that of the third moving barrel 16, 
and the first moving barrel 20 is retracted into the 
rotating second moving barrel 19 together with the AF/AE V 
shutter unit 21. During the above retraction driving, like 
the case of advancing driving as above described, the rear : 
: ;: lens group driving motor 30 is not driven. 

While the zoom lens barrel 10 is . driven during the 
zooming operation, since the rear lens group driving motor 
30 is not driven, the front lens group LI arid the rear lens 
group L2 move as a whole, maintaining a constant distance 
between each other, as shown in Figure 17 or 19 . The focal 
length input via the zoom code plate 13 a and : the contacting 
.^:£e^inal 9 is indicated on an LCD panel (not shown) provided 
on the camera body. 

At any focal length set by the zoom operating device 
62 , when the release button is depressed by a half-step, the 
object distance measuring apparatus 64 is actuated to 
measure a current subject distance. At the same time the 
Photometering apparatus 65 is actuated to measure a current; 
• • subject brightness . Thereafter, when the -release button is 
^lly depressed* the whole optical unit driving motor 25 and 
the rear lens group driving motor 30 are each driven by 
respective amounts dictated according to the focal length , 



information \ set -in advance arid the subject . distance 
information obtained from the object distance measuring" 
apparatus 64,: so that the front and rear lens groups LI and 
L2 are respectively moved to specified positions to obtain a 
specified focal length to: thereby bring the subject into 
focus. Immediately after the subject is brought into focus, 
via the AE motor controller 66, the AE motor 29 is driven to 
rotate the circular driving member 49 by an amount 
corresponding to the subject brightness information obtained 
from the photometeririg apparatus 65 so that the shutter 27 
is driven to open the shutter blades 27a by a specified 
amount which satisfies the required (exposure. Immediately: 
after such a shutter release operation, in which the three 
shutter blades 27a are opened and subsequently closed, is 
completed, the ; whole optical unit driving motor 25 and the 
rear lens group driving motor 30 are both driven to move the 
front lens group LI and the rear lens group L2 to the 
respective initial positions at which they were at prior to 
a shutter release. 

. In the present embodiment of the zoom lens barrel. 10 , 
"Fantas Coat SF-6> is used as the coating 72ei However, a 
different type of coating may be used as the coating 72 e as 
long as it is waterproof and makes the circular -abutting 
surface 72b a smooth surface to form substantially no gap 
between the circular abutting' surface 72b and the 
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circumferential portion fp. ; 

Obvious changes may be made in the specific enibodiments 
of the present invention described herein, such 
modify the:--- of the 

invention claimed . It is indicated that all matter 
contained herein is illustrative and does not limit the 
scope of the present invention. 
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CLAIMS : - 

1 . A lens barrel comprising: 

an outer barrel provided on an inner periphery thereof 
••' :;: ': : ;With a first thread and at least: one linear guide groove 
/ intersecting said - first thread eLnci ext ending : in a direction 
'■y-lpf. an optical akis of said lens barrel; 

a middle barrel provided oh ani c^ter periph^ 
with a second thread for meshing with said first thread; and 
an inner barrel positioned inside said middle; barrel/ 
said inner barrel being provided with at least one follower 
for engaging with said at least one linear guide groove, so 
that said inner barrel is guided along said optical axis 
without rotating said optical axis with respect to 

said outer barrel 

^l:-: ' a front end of each of saif at least 
' one 1 ihear ^ groove is f oraed with at least one enlarge^ 

width dimension to enable* ""'-."c. 

rotational movement of said at least one follower into said 

at least one iihear guide groove during initial meshing of 

said middle barrel with said outer barrel. 

/ 2. A : lens barrel according to claim i, further 

comprising an annular retaining member for engaging with a 

front end of said outer barrel 

3. A lens barrel according to claim 2 >• ' wh^eiri ' s^id./ - ' 
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annular retaining member comprises at least one engaging 
projection for engaging said at least one enlarged width 
dimension* - ^T"" "-\ 

; 4 • A lens barrel according to Iclaim 3 , wherein said 
at least one engaging projection comprises a surface 
determining a front extremity of said at least one linear 
"• guide groove. " . • 

5 - A lens barrel according to claim 3 or 4, wherein said 
at least one linear guide groove is defined between a first 
side surface and a; second side surface, 

: . : . said f irst and said secorid 
side surfaces extending in said direction of said optical - 
axis, and wherein, said at least one engaging projection; 
comprises a linear guide surface which together with said 
firs t side- surface linearly guides said at least . one : 
.. follower.: ' 

6. A lens barrel according to claim 5 > wherein a 
distance between said first side surface! and said second 
side surface is less than a distance between said linear 
guide surface and said second side^ surface 

7. A lens barrel according to any preceding claim, 
wherein said at least one enlarged width dimension comprises a 
surface inclined in a direction parallel to said first thread/ 

8. A lens barrel according to any preceding claim, 
wherein said; outer barrel is formed, integrally with a 
stationary block provided inside a camera body. 
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9 - A len? parrel according any preceding claim/ wherein said 
.( middle barrel is movable along said optical ^is jtogethe^ ■ : 
with said inner barrel without varying a distanced' 
therebetween, while said middle barrel rotates about said 
optical axis relative to said inner barrel; 

10. A lens barrel according to any preceding claim; wherein said 
at least one follower is formed at a rear end of said inner 
barrel outwardly in a radial direction of said inner barrel 
to engage with said at least one linear guide groove . 

11. A lens barrel according to any one of claims 3 to 6, 

wherein said at least one engaging projection comprises an 
engaging claw which projects outwardly in a radial direction of 
said annular retaining member; said engaging claw engaging with 

a hole formed in said front end of said at least one linear 
guide groove. 

12 . A lens barrel according to any preceding claim/ further 
cbitgprising at": least one projection formed at a bas| of 
said at least one linear guide groove, said at least one 
projection engaging with said second thread so as to 
function as a part of said first thread. 

13. A lens barrel according to any preceding claim, wherein 
said at least one follower arid said at least one linear guide 
grpoye both have a width exceeding a 

predetermined minimum width ; and : a • hfe : igfe't equal to: a 
pri^etermined minimum height. 

: • 14 . A lens barrel according to claim 12; ; : wherein 
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said at least one projection is formed substantially centrally 
in the width dimension of said at least one linear guide 
groove. 

/l5>f^A";i^w^.l?arrei comprising: 

a barrel provided on an inner periphery thereof with a 
linear guide groove extending in a direction of an optical 
axis of said- leiis barrel; and 

■v^an^a^iat ;naiiber arranged concentrically with said 
barrel, said : annular member being provided with a follower:; 

for engaging said liniear guide groove so that said annular 
member is guided along said qptical axis without Rotating about 
said optical axis relative to- said barrel, 

wherein a substantially plane surface is formed in an 
outer periphery of said barrel , radially outwardly of said 
linear guide groove. 



I 6 * A lens barrel according to claim 15, wherein 
said linear guide groove has a planar base exteridirig in said 
direction of said optical ; . . 

axis and perpendicular to a radial direction of said barrel, 
said plane surface being formed parallel to said Planar 
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base/, 

.17. The lens barrel according to claim 15 or 16, further; 
comprising: 

a first thread formed on said inner periphery of said 
barrel so that said linear guide groove extends within said 
first thread; 

a rotational barrel positionable between said barrel and 
said annular member and provided with a second thread for 
meshing with said first thread so that said rotational barrel 
i£ movable along : said optical axis while rotating about said 
optical axis relative to said barrel; and 

at least one projection formed at a base Q f said 
linear guide groove, said at least one projection engaging 
with said second thread so as to function a3 a part of said 
first t^ead . 

18. A lens barrel according to any one of claims 15 to 
17, wherein said follower and said linear guide groove are each 
formed to have a width greater than a predetermined minimum 
width and a height equal to a predetermined minimum height. 

19. A lens barrel according to claim 17, wherein 
said at least one projection is formed substantially in a 
middle of said linear guide groove in a circumferential 

; ; direction of said barrel. 
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20, A lens barrel 
with reference to fi 
accompanying drawings . 
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substantially as h^einbef ore described 
1 tp 8 and 23 to 29 of; th^ 



